Cooliatin, an unprecedented dioxocyclononane, was isolated from the dinoflagellate Coolia monotis from South China Sea. Its structure was identified on the basis of spectroscopic evidence.
Coolia, a small genus of dinoflagellates belonging to the family Ostreopsidaceae, comprises four species, viz. C. areolata, C. canariensis, C. monotis, and C. tropicalis, among which the latest species C. canariensis was established in 2008. [1] [2] [3] [4] It was reported in 1995 that C. monotis could produce a toxin, which was named cooliatoxin. 5) However, its structure has not yet been characterized. Later, Holms and his coworkers proposed it as an analogue of yessotoxin with a molecular weight of 1063. [5] [6] [7] Moreover, a ceramide with a novel branched-chain was identified from C. monotis in 1998. 8, 9) In the current paper, cooliatin, an unprecedented dioxocyclononane, was obtained from the chloroform extract of C. monotis (Cm LHT01) cells and its structure was elucidated on the basis of spectroscopic methods, including 1, 209.2) . Their connections could be corroborated by HMBC correlations from H-5 to C-6, C-7 and C-8. Protons of methyl (H 3 -10) connected to C-6 was suggested by HMBC correlations from its protons to C-5 and C-7. A quaternary carbon (C-4) bearing two methyl singlet resonances at d H 1.43 (H 3 -11) and 1.16 (H 3 -12), respectively, was connected to C-5 and this fragment was confirmed by HMBC correlations between H 3 -12/C-4, H 3 -11/C-4, H 3 -11/C-12, H 3 -12/C-11 and H-5/C-4 ( Fig. 1) . Moreover, an oxygenated quaternary carbon (C-3) bearing a methyl singlet resonance at d H 1.42 (H 3 -13) was connected to the above quaternary carbon (C-4) and these connections were corroborated by HMBC correlations between H 3 -13/C-3, H 3 -13/C-4 and H-5/C-3 ( Fig. 1 ). C-4, bearing two methyl groups, should be situated between C3 and C5, being confirmed by the HMBC cross-peak between 888 Vol. 57, No. ) was connected to C-1 and its connection was confirmed by the HMBC correlation from H-1 (d H 5.40 m) to the carbonyl (d C 170.9) of this acetoxy group. From these data, the second substructure was unambiguously deduced as 1b. Furthermore, HMBC cross-peaks between H-2/C-3, H 3 -13/C-2 and H-9/C-8, connected substructures 1a and 1b together through the carbon-carbon bonds of C2-C3 and C8-C9. From all these observations, the planar structure of cooliatin was identified as shown in Fig. 1 . The geometry of the double bound between C-5 and C-6 could be determined as E by NOE correlations between H 3 -10/H 3 -11 and H 3 -10/H 3 -12 in Fig. 2 . Based on the above results, cooliatin was identified as (E)-3-hydroxy-3,4,4,6-tetramethyl-7,8-dioxocyclonon-5-enyl acetate. However, the configuration of C-1 and C-3 has not been established due to the flexibility of the cyclononane ring.
The In conclusion, cooliatin, an unprecedented dioxocyclononane, was isolated from the dinoflagellate Coolia monotis from South China Sea and its structure was identified as (E)-3-hydroxy-3,4,4,6-tetramethyl-7,8-dioxocyclonon-5-enyl acetate. To our knowledge, cooliatin was the first cyclononane derivative found in nature. This study demonstrates that C. monotis is a rewarding new source for the production of secondary metabolites with novel carbon frameworks.
Experimental
General Experimental Procedures NMR spectra were recorded on a Bruker Avance 500 spectrometer ( Extraction and Isolation Cell (3.5 kg) disruption of Coolia monotis was performed by ultrasonication in CHCl 3 : MeOH (1 : 1, v/v) and the resulting solvent was then evaporated under reduced pressure. The residue was suspended in water and extracted in turn with n-hexane, CHCl 3 , AcOEt and n-BuOH. The CHCl 3 extract (5.1 g) was subjected to a silica gel CC and eluted with a gradient solvent system of CHCl 3 : MeOH (100 : 0 to 0 : 100, v/v) to afford 91 fractions. Fractions 28-37 (60 mg) were combined and subjected to a Sephadex LH-20 CC and eluted with 100% MeOH to afford 15 subfractions. Subfractions 9-15 were combined and subjected to RP-HPLC (YMC ODS column 250ϫ10 mm, 5 mm) and eluted with a gradient of 20 to 50% aqueous MeCN at flow of 3 ml/min to yield cooliatin (1.8 mg, t R ϭ21.5 min).
HPLC (YMC ODS column 250ϫ4.6 mm, 5 mm) analysis of the chloroform extract of Coolia monotis eluted with 26% CH 3 CN confirmed that cooliatin (t R ϭ29.6 min), characterized by its diagnostic UV spectrum, was a real natural product of this marine dinoflagellate.
Cooliatin 
